Lead (Pb) has been shown to perturb Ca. mediated cellular processes. However, to date, a direct effect of Pb on intracellular free Ca2+ concentration ([CaJ2+]) has not been demonstrated. 1F NMR in combination with 1,2-bis(2-amino-5-fluorophenoxy)ethane-N,N,N',N'-tetraacetic acid (5F-BAPTA) was used to simultaneously measure [Ca2+J1 and intracellular free Pb21 concentration ([Pb2+] Lead (Pb) toxicity continues to be a major health issue in the United States, involving 9.1% of all preschool children (1). The U.S. Public Health Service estimates that 17.2% of all preschool children are at risk for Pb toxicity, when other sources of Pb from dirt, dust, water, and gasoline are considered, in addition to leaded paint in substandard housing (2). "Low-level" Pb toxicity (blood Pb level of 25-55 jug/dl) includes multiple metabolic (3), neurologic (4, 5) , and behavioral (5, 6) disorders. Many recent studies have indicated that even lower blood Pb levels (<25 ,ug/dl) are associated with impairment in mental development (7), decreased skeletal growth (8), and disturbances in cardiovascular function (9, 10) .
Lead (Pb) toxicity continues to be a major health issue in the United States, involving 9.1% of all preschool children (1) . The U.S. Public Health Service estimates that 17.2% of all preschool children are at risk for Pb toxicity, when other sources of Pb from dirt, dust, water, and gasoline are considered, in addition to leaded paint in substandard housing (2) . "Low-level" Pb toxicity (blood Pb level of jug/dl) includes multiple metabolic (3), neurologic (4, 5) , and behavioral (5, 6) disorders. Many recent studies have indicated that even lower blood Pb levels (<25 ,ug/dl) are associated with impairment in mental development (7), decreased skeletal growth (8) , and disturbances in cardiovascular function (9, 10) .
Interactions between Pb toxicity and Ca metabolism have been inferred from studies both at the level of the organism as a whole and at the cellular level (11) . Based on indirect evidence from a variety of cells and tissues (12) (13) (14) (15) (16) (17) (18) (20) and
[Ca2+]i (21) . An osteoblast-specific function, the production of osteocalcin, the vitamin K-dependent Ca2+-binding protein in bone, is impaired by Pb2+ (22) . We previously demonstrated (23) mixture supplemented with 5% fetal bovine serum and 28 mM Hepes buffer, pH 7.4 (F-12 medium). ROS 17/2.8 cells were subsequently attached to collagen-coated microcarriers (Cytodex 3, Pharmacia) (23) . Cells on beads were maintained for 24-48 hr in 500 ml of F-12 medium in a 1-liter siliconized glass
Techne stir vessel at 35 rpm and 370C in a humidified 95% air/5% CO2 atmosphere.
Cells were loaded with SF-BAPTA by incubation with the acetoxymethyl ester of 5F-BAPTA at a concentration of 20 AuM for 45 min. Cells on beads were transferred to a 10-mm-diameter NMR tube and continuously superfused with F-12 medium saturated with 95% 02/5% C02. The NMR samples were maintained at 30°C throughout the signal accumulation.
NMR. [Pb2+],, intracellular free Pb2+ concentration; 5F-BAPTA, 1,2-bis(2-amino-5-fluorophenoxy)ethane-N,N,N',N'-tetraacetic acid. I"To whom reprint requests should be sent at the § address.
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The identity of the various spectral peaks was established by a comparison of resonance positions in the cell sample with appropriate standards and by addition of the divalent cation ionophore A23187. Ca-5F-BAPTA and Pb-5F-BAPTA resonances occur at 5.8 and 4.9 ppm, respectively, from the resonance of uncomplexed 5F-BAPTA (23) . The concentration ratios for the free and bound species were obtained as ratios of the integrated intensities of the respective resonance peaks by using Varian version 6.1 software. The relative intensities of the complexed and uncomplexed species were unchanged when the pulse recycle time was varied over the range 0.8-3.2 sec in 5F-BAPTA-loaded ROS 17/2.8 cells. This is consistent with short and identical 19F T1 nM, calculated by using a dissociation constant (Kd) of 5.0 x l0-7 M for the Ca-5F-BAPTA complex (23 definable intracellular Pb-5F-BAPTA complex was also observed (Fig. 1, bottom spectrum) (27) . These data exclude the possibility that the observed increase in [Ca2+], was a reflection of cell death. PPM   FIG. 1. 19F NMR spectra of 5F-BAPTA-loaded ROS 17/2.8 cells treated with 25 jLM Pb(C2H302)2. Top spectrum, before treatment; middle spectrum, after 1.5 hr of treatment; bottom spectrum, after 3.5 hr of treatment. The frequency scale is given in parts per million (ppm), and the resonance frequencies offree 5F-BAPTA and the Ca-5F-BAPTA and Pb-5F-BAPTA complexes are indicated. The spectral signal-to-noise ratio was enhanced by exponential filtering with a time constant of 6.4 msec, which caused an additional line-broadening of 50 Hz. The spectral baseline was flattened by using standard Varian software to achieve multiple first-order curve-fitting of baseline regions containing no resonances; this eliminated a broad background absorption from fluorine nuclei in the NMR coil-support material. 
